INTRODUCTION
Neurotoxic effects in either developing or adult organisms increasingly are used to regulate human exposure to xenobiotics (102) . Approximately 28% of chemicals used in substantial quantities by various industries are of neurotoxicologic importance (22) . Neurotoxicity may be expressed as functional (eg, behavioral, chemical, or electrophysiologic) and/or structural abnormalities (17, 141) . Under certain conditions, changes in neural cell function may lead to secondary alterations in neural anatomy (128, 130, 145) . Because xenobiotic-induced neuroanatomic changes are always regarded as adverse (132) , a neuropathologic evaluation to detect morphologic lesions is a major part of the risk assessment process (46) . At present, morphologic data are used more commonly than behavioral or biochemical findings to define reference doses for managing neurotoxic risk (31 ) . Thus, the pathologist plays a critical role in the evaluation of potential neurotoxicants.
Morphologic examination of the nervous system is challenging. Adequate assessment of neural tissues requires distinctive processing techniques (86, 87, 150) to preserve structural detail and to avoid confusing artifacts (57) . Precise regional dissection (115, 156) , special stains (41, 106, 111, 150) , intricate morphologic measurements (18, 26, 38, 69, 107) , and novel imaging methods (65, 84, 133, 148, 161, 166) may prove useful if functional information is to be evaluated in the context of its neuroanatomic localization. Relative to other organs and body systems, the elements of the normal central nervous system (CNS) are anatomically diverse, exhibiting major structural changes at both gross and microscopic levels over very short distances and in all 3 dimensions. Thus, it may be hard to discern the complete pattern of neural damage induced by a toxicant when the neuropathology screen is performed in 2 dimensions with only a few brain sections per animal. The complexity is magnified if the toxicant-induced lesions are very subtle (8, 52 ) and the sections available for analysis vary among individuals. The problem of individual variation may be ameliorated by careful attention to detail during sampling (16) and the use of precision sectioning methods to assess multiple animals in parallel (51 ) . Neuroanatomic comparisons among normal animals in phylogenetically distant species may be quite complicated. Interspecies extrapolation is especially difficult if xenobiotic-induced neural responses differ among animals of different strains, genders, and ages (14, 24, 39, 43, 77, 78, 155) . These challenges combine to make the neuropathology examination a daunting event, even for the seasoned practitioner.
Advanced training in neuroanatomy and experience in neuropathology appreciably enhance the pathologist's ability to recognize abnormalities in neural tissues (80) .
In current practice, however, significant expertise in neuropathology often is acquired via self-study or through on-the-job experience rather than as an integral part of the basic professional curriculum. This incongruity might be addressed by tapping the wealth of neuroanatomy literature that has been generated in the last century. During this time, most investigations of the nervous system focused on analyzing neuroanatomic features in relation to their function (a correlative approach) or comparing the structure of analogous neural regions among species (a comparative approach). Thousands of pages of neuroanatomic data and drawings are available in this historic database. Properly distilled, this information has considerable relevance for neuropathology assessments. In particular, a reference comparing neural anatomy and function among animal species of toxicologic relevance might be readily compiled.
The purpose of this article is to review important anatomic and functional concepts of neurobiology that are either briefly summarized or not mentioned in many conventional anatomy and pathology courses. Both correlative and comparative aspects are considered. References have been arbitrarily limited due to spatial constraints. Additional information can be acquired by perusing any of the many detailed texts describing neural anatomy (19, 37, 50, 123, 162) , chemistry (73, 135) , metabolism (29, 79) , pathology (1, 149) , physiology (62, 79) , and toxicology (23, 93, 154) . CORRELATIVE 
NEUROANATOMY

Overview
The association of specific functions with distinct neural regions has been known for decades (21, 116) . The vertebrate nervous system exhibits a stereotypic organization to the extent that specific anatomic names, pathways, functions, and relationships may be compared, at least in a general sense, among most mammalian species (19, 72 (Figure 1 ) based on the cytoarchitecture of neurons in the various regions (9, 119, 126 Figure 6 ). The middle lobe also contains the clivus (or lunate), ansiform, and paramedian lobules, which are located laterally ( Figure   7 ). The cerebellum may also be divided into different longitudinal zones using molecular markers, such as cytochrome oxidase (90), 5'-nucleotidase (97) , and zebrins (64, 90) , rather than anatomic features. As in the spinal cord, myelination in various regions of the cerebellum progresses with time. In the rat, myelination occurs first in the central white matter and last in the folia of the cerebellum (168 Figure 7 ) engages in the same primitive tasks as the cranial lobe.
In the simplest sense, the cerebellum may be divided into the corpus (body) and flocculonodular regions. The flocculonodular part regulates equilibrium. The corpus is concerned with coordinated muscle movements and maintenance of muscular tone. The muscles in various body regions are controlled by specific lobules of the corpus in a stereotypic pattern ( Figure 7 ) based on the somatotopic projection of the body on the cerebellar surface (63) . For example, the archicerebellum interacts most closely with the vestibular nuclei and, therefore, functions as the vestibulocerebellum. In like manner, the paleocerebellum is networked with the spinal cord as the spinocerebellum, and the bulk of the neocerebellum is associated with input from the pontine nuclei as the pontocerebellum. Sensory information from peripheral receptors also is carried to the ipsilateral cerebellum in a somatotopic fashion in the spinocerebellar and cuneocerebellar tracts (32, 138 (153) and glia (13, 44 (32, 100) . Secondary association areas functioned independently from any single projection zone but were sufficiently connected to a primary association area so that they became regions of higher association within the hemisphere (91) . Subsequent functional studies have shown that practically all regions of the cortex are connected with underlying subcortical centers (particularly the thalamus and basal ganglia) and that no certain distinction can be drawn between projection zones and association areas. Nevertheless, certain cortical regions are particularly related to major functional modalities ( Figure  10 ) and are still referred to as projection areas for sensation (or somesthetic), motor control, or sense integration (vision, olfaction, audition, taste).
Cortical functions develop in a regimented fashion. For example, the somatic motor region is always located rostral to the somatosensory cortex ( Figure 10 ). Within both zones, various body regions are projected in a somatotopic fashion (Figure 11 ). Activation of neurons in forelimb region occurs both morphologically and electrophysiologically at an earlier time than does that of the hind limb. In all regions, the fields serving the upper extremity develop first, followed by those for the lower extremity, digits, and finally the face (28, 32 The BBB and the blood-nerve barrier sequester nervous tissue from many blood-borne xenobiotics. The anatomic basis of these barriers consists mainly of specialized capillary endothelial cells in which the presence of complex tight junctions, lack of fenestrae, and low endocytotic activity result in decreased permeability (71, 74, 117) . Glial cell processes are also implicated in the regulation, maintenance, and repair of these barriers. The nature of the barrier differs in brain and nerves (114 (170) . Nevertheless, there are subtle differences (even in age-, sex-, and weight-matched individuals) in the positions and sizes of various brain regions. Such minor discrepancies have been demonstrated in rats (170) and primates (58, 156, 165) , including the brains of monozygotic twins (143) . FIGURE 12.-A schematic representation of the human cerebrum demonstrating the zonal development of myelin during early brain development. Myelin develops earliest (dark gray) in projection fields for major motor and sensory functions and then spreads sequentially (denoted by progressively lighter shades of gray to white) to the association areas. Comparable patterns exist in other mammals.
Among species, morphologic variations may occur in the absence of functional divergence, whereas dramatic functional differences may exist in the face of apparent structural homology. Many neurobiologic differences have been reported that could impact the choice of 1 species over another for neurotoxicity bioassays (11, 20, 24, 53, 85) . Examples include disparities in neurochemistry, behavior, and xenobiotic responsiveness that exist between rats of different strains, sexes, and ages (52, 70, 78) and between rats and mice (103) . Subtle differences also exist among various primate species (98) .
The mammalian species of toxicologic importance may be divided into 3 categories on the basis of neuroanatomic and functional criteria: rodent (including mouse, rat, and rabbit), carnivore (cat and dog), and primate (monkeys/apes and humans). The groups (96, 127) . Here, I compare some of the more prominent neuroanatomic differences among mammalian species and touch upon additional models that have specialized applications in the field of neurotoxicology.
Structural Divergence among Species Spinal Cord. As animals increase in size, the quantity of white matter in the spinal cord (assessed in cross section) increases more rapidly than does the quantity of gray matter (6) . This finding reflects the greater number of fibers needed to innervate the larger body area. This pattern is more pronounced in the dorsal funiculus, the main conduit for transmission of most tactile and proprioceptive impulses, and it is especially true in carnivores and primates relative to rodents. In addition, the dorsal funiculus as a percentage of total white matter content is much larger (Figure 13 ) in carnivores and primates (in primates, almost double that of rodents), probably as a result of higher refinement of fine sensation and advanced evolution of the digits in these animals.
The spinal motor tracts deserve particular consideration because of their variable development in mammalian species of toxicologic import. The 2 principal pathways are the corticospinal tracts (which provide cortical control of motor functions) and the rubrospinal tract (which manages subcortical direction of motor activities).
Species differences exist in terms of both the size and course of these pathways. For example, the 2 corticospinal tracts enlarge progressively in phylogenetically more developed species. The fibers of this spinal pathway form about 10% of the total white matter in carnivores, 20% in nonhuman primates, and 30% in humans (6) . The (124) , chiefly by expansion of the cerebral cor-tex resulting from an increased number of gyri and sulci. One cerebral hemisphere is larger and weighs more than the other in most species, regardless of paw preference (151, 152, 161 (72) . The temporal lobe of the dog also extends farther dorsally than does that in humans, further reducing the size of the parietal lobe.
The most obvious neuroanatomic difference among species is the divergence in fissuration of the brain. The pattern of sulci and gyri is species specific (72) , and within a species this pattern varies between the right and left sides (152) (Figure 11 ). In like manner, the degree of surface partitioning varies markedly among species in direct relation to phylogenetic position. Therefore (25) and monkey (131) (30, 122) and rat (77, 78) (36, 119, 144, 161, 169) . Biochemical disparities, such as regional differences in the quantities and circadian cycling of neurotransmitters (110) and hormones (164) , have been documented in rodents (24) and primates (169) . These differences result from the influence of genderspecific sex hormones.
Structural Divergence during Development
The most rapid changes in neural anatomy and physiology occur in utero and during the first few months (or years, in long-lived species) of postnatal life. When the age periods in which specific neural changes occur are related to life span of the animal, a certain parallel is seen for various mammalian species (49) . A plethora of agerelated anatomic differences have been documented, including the extent of cerebral fissuration (108, 118) , regional differences in the rate of brain and spinal cord myelination (168) , and neuronal densities in various brain regions (169) . Another example is the reduction in the number of glial cell nests in the subependymal layer of the paleocortex that occurs with age (125) . Functional variations among age groups may be considerable. For instance, the BBB in developing animals (20) and senescent animals (59, 104) is more porous than that of mature (but not senescent) adults. Levels of neurotransmitters (24) , their receptors (110) , and their synthetic pathways (4) increase with age in the brains of rodents and primates. Age-related differences in neurotoxicity of xenobiotics may be considerable because of differences in the efficiency of systemic detoxifying enzymes (24) .
Neural Anatomy of Birds
The chicken is commonly used in testing organophosphate chemicals for delayed neuropathy (76, 86 (12, 22, 40 
